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Abstract 
Air handling processors with structure packing are widely utilized in the air-conditioning system, in which coupled heat and mass 
transfer occurs between air and water/desiccant. As an additional benefit, the processor could remove particles at the same time. 
An experimental setup for a cross-flow packed processor was established to investigate the filtration efficiency, in which air-water 
and air-desiccant were chosen as flow media. Effects of air and water/desiccant parameters on the filtration performance were 
experimentally analyzed. The results show that for typical air-to-liquid flow rate ratio (ൎ ͳ), PM5 arrestance efficiency of packed 
processor with water is 40%~50% while that with LiBr solution is 20%~30%. The filtration efficiency with LiBr solution is higher 
than that with water when splash effect of liquid is omitted.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction  
In the central air conditioning systems, the air handling processors with structure packing [1], also called the packed 
processors are widely utilized as a part of air-handling units, such as cooling tower, direct evaporation device, liquid 
desiccant dehumidifier and regenerator [2]. And in these units, air-water or air-desiccant directly contacts in the 
structure packing resulting in the coupled heat and mass transfer, by which the temperature or the humidity ratio of 
the processed air can be accurately controlled [3].  
As an additional benefit of the packed processor, it could remove some particle at the same time. And this has been 
studied and utilized in many other fields; for example in chemical engineering, the structured packing tower is applied 
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in many chemical processes to realize the contact and the agglomeration of reactant particle [4], and in some air-
handling cases, such as coal-fired flue gas handling [5] and vehicle exhaust handling [6], the water spray or the charged 
spray has also been proved to be an efficient method to remove particle from the airflow. Due to the severe particulate 
pollution in China in recent years, it attaches great importance to consider the particle removal effects of structure 
packing in the air-conditioning system. At the same time, due to droplets produced by the spray, a splash back installed 
after the packing is also necessary to prevent droplets from being carried over by the airflow and becoming new 
particulate. 
According to the previous researches, both the particle removal effect and droplets produce effect of the spray has 
been experimentally studied and numerical modeled [7,8]. But with the specific condition in the central air 
conditioning systems (such as air flow rate, liquid flow rate and inlet concentration of particulate), the filtration 
efficiency of the packed processor has not been accurately measured. In addition, because of the differences between 
the physical properties of water and liquid desiccant (LiBr), it is necessary to analyze and compare the filtration 
efficiency of the packed processors with different flow medias.  
2. Methods  
2.1. Experimental setup 
The experimental setup is designed to be a cross-flow packed unit with an air duct, as shown in Figure 1. Celdek 
structure packing is adopted as packing material (Length×Width×Height =0.31×0.2×0.24 m3), with the specific 
surface area of 396ܕ૛Ȁܕ૜. A fan is fixed at the end of the air duct to force air flowing through the packing. The 
distributor that clings to the packing below is a flat porous board, which aims to uniformly distribute the flow media 
and decrease the droplets splashing into the airflow. A splash back can also decrease the droplets in the airflow, which 
is caused by splashing. In order to vary the flow rate of the flow media, a valve is fixed after the glass rotor flow meter 
that can accurately measure the flow rate. Since water and liquid desiccant are two commonly utilized fluid media in 
the air-conditioning systems, the performance of air-water and air-liquid desiccant contact processor will be 
experimental analyzed. The mass concentration of the LiBr aqueous solution is set as approximately 40% during the 
experiments. 
 
Fig. 1. Schematic drawing of the experimental setup 
The air flow rate is measured by the hot bulb anemoscope at 9 equally distributed positions in the cross section of 
the air duct in front of the packing, and the water-desiccant flow rate is measured by the glass rotor flow meter. To 
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calculate the counting efficiency of particulates with different aerodynamic diameters, the particulate concentrations 
of six different aerodynamic diameters (0.3μ, 0.5μ, 1μ, 2μ, 3μ and 5μ) were measured at the entrance and 
exit of the packed unit by Laser aerosol size counter (with a tube connecting the counter and the sampling hole on the 
air duct). And the arrestance efficiency to PM5 (particulate matter with diameter of 10 micrometres or less) can then 
be calculated. Besides, a High Efficiency Particulate Air (HEPA) will be fixed at the entrance of the air duct when the 
inlet particulate concentration needs to be varied. Besides, the dry bulb and wet bulb temperatures of the inlet and 
outlet air will also be measured by Pt PTD (resistance temperature detectors) as supplementary parameters to reflect 
the heat and mass transfer performance of the packed unit. The measuring devices and the corresponding accuracies 
are summarized in Table 1. 
Table 1. Specification of different measuring devices 
Parameters Devices Accuracy Operational range 
Particulate concentration Laser aerosol size counter 10% 0~ͳͲଵ଴  
Solution flow rate Glass rotor flow meter 2% 0~600Ȁ 
Solution temperature Pt RTD 0.2ć 0~50ć 
Solution density Gravity hydrometer 1Ȁଷ 1300~1700Ȁଷ 
Air flow rate Hot bulb anemoscope 5% 0~10Ȁ 
Air temperature Pt RTD 0.2ć 0~50ć 
 
2.2. Experimental condition 
In order to satisfy the requirements of heat and mass transfer in the air-handling unit, the conditions of the 
experiment is accurately controlled. The air-handling processes with both water and LiBr solution are displayed in the 
air psychometric chart as shown in Figure 2, in which the inlet, outlet and theoretical ideal outlet conditions of the 
processed air are shown. The performance of the packing unit can be described by the cooling efficiency (િ܋) [9]: 
c =
tin  tout
tin ts
=1eNTU       (1) 
where ݐ௜௡, ݐ௢௨௧ and ݐ௦ are inlet, outlet and wet bulb temperature of the processed air, NTU is the mass transfer unit. 
According to experimental results, the average cooling efficiency (ߟ௖) is 64.7% and NTU of the packing unit is 1.04. 
 
 
Fig. 2. Air handling processes shown in the psychometric chart 
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During the experiments, the air flow rate is constant and water/desiccant flow rate varies, which aims at controlling 
the air-to-liquid flow rate ratio to satisfy the requirements of heat and mass transfer [10]. Figure 3 shows the air-to-
liquid flow rate ratio during the experiments and also the values from other researchers.  
 
 
 
Fig. 3. Air-to-liquid flow rate ratio in this experiment and previous researches [11-16] 
 
2.3. Indexes to describe filtration efficiency 
As for the indexes to describe the particulate removal effect of the packing unit, the filtration efficiency (ߟ) is the 
most common index:  
 =
cin cout
tin
      (2) 
where ܿ௜௡  and ܿ௢௨௧  is inlet and outlet particulate concentration of the air duct. If ߟ ൏ Ͳ, the packing unit can 
produce particulate rather than remove particulate. With the statistical error and accuracies of the measuring devices 
shown in Table 1, the error analysis indicated that an overall uncertainty of experimental filtration efficiency (ߟ) is 
within ±20%. The inlet PM5 concentration is about 100μȀଷ  during the experiments, and the particle size 
distribution is similar. 
3. Results  
3.1. Filtration efficiency of packed unit with water and LiBr Solution 
When water was taken as the flow media, the filtration efficiency was measured when the inlet particulate 
concentration was 96ߤ݃Ȁ݉ଷ and air-to-liquid flow rate ratio was 1.43. The particulate concentrations and filtration 
efficiencies of every aerodynamic diameter are shown in Figure 4(a), with the total efficiency of 42.4%. 
 
As for the experiment with LiBr solution, the inlet particulate concentration was 110ɊȀଷ and air-to-liquid flow 
rate ratio was 0.98. The total efficiency was 24.8%, which was less than that with water as flow media. The particulate 
concentration and filtration efficiency of every aerodynamic diameter in air-desiccant packing unit are shown in Figure 
4(b). 
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Fig. 4. Filtration efficiency with two flow medias: (a) water; (b) LiBr solution 
3.2. Compare of the two flow medias 
Figure 4 compares the performance of air-water and air-desiccant performance at certain air-to-desiccant flow rate 
ratio. This section will further investigate the effect of desiccant flow rate on the filtration efficiencies, as shown in 
Figure 5. As for air-water packing unit, the total filtration efficiency was almost stable with various water flow rate, 
which is about 40%~50%. As for air-LiBr solution packing unit, the total filtration efficiency was about 50%~60% at 
first and then decreased to be about 20%~30% when the desiccant flow rate varied from 0 to 600 L/h, as described as 
following: 
x At typical air-to-liquid flow rate ratio (ൎ ͳ), the filtration efficiency with water is higher than that with LiBr 
solution. 
x At lower water/desiccant flow rate (the splash effect can be omitted), the filtration efficiency with LiBr solution is 
obviously higher than that with water, which means LiBr solution has a stronger ability to capture particulate 
matters. 
x At higher water/desiccant flow rate, the filtration efficiency with water is also lower than that with LiBr solution. 
Because both of the flow medias will produce droplets and be carried over by air, but water will evaporate while 
LiBr solution will not. As a result, the droplets of water are less than those of LiBr solution in the outlet air, leading 
to the decrease of the arrestance efficiencies with LiBr solution.  
x  
 
Fig. 5. The filtration efficiency of packed unit with water and LiBr solution 
a b 
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4. Discussion  
4.1. Importance of the splash back 
In order to figure out the contributions of structure packing and the splash back to the total filtration efficiency, the 
filtration efficiency was then experimentally analyzed without the splash back. The inlet PM5 concentration was 
controlled to be about 4μg/m3 in order to represent the produce effect of spray, and the results are shown in Figure 5. 
When water was used, for relatively small aerodynamic diameter particulates (0.3μm, 0.5μm), the produce effect of 
the structure packing was not obvious and there was also a weak correlation with the flow rate and inlet particulate 
concentration; for relatively large particulates (1μ, 2μ, 3μ and 5μ), the outlet concentration was obviously 
higher than the inlet, in which the produce effect has been shown. However, with LiBr solution as the flow media, the 
filtration effect of the structure packing was weak correlated with the flow rate. 
  
 
Fig 6. The produce effects on particles of six different aerodynamic diameters with water and LiBr solution (inlet PM5 concentration: 4μg/m3) 
(a) water ; (b) LiBr solution 
With the results above, the produce effect of the spray is shown without splash back, especially when the inlet 
particulate concentration is low. So in the actual air-handing unit with packed unit, the splash back need to be 
sufficiently considered to prevent droplets of LiBr solution from being carried out by air. 
4.2. Droplets produce effects of water and LiBr solution 
From Figure 6, the produce effect of water correlates positively with flow rate of water while the produce effect of 
LiBr solution is approximately constant as the flow rate varies. A tentative inference on the difference of produce 
effects can be the viscosity of two flow medias [17,18]. According to Table 2, LiBr solution is less likely to be splashed 
than water when the droplet impact onto liquid film, which leads to the constant produce of LiBr droplets as the flow 
rate varies. And a further research is necessary to prove this inference. 
Table 2. Viscosity of water and LiBr solution (ͳͲି଺݉Ȁݏଶ) 
Temperature(ć) Water  LiBr solution 
15 1.1 2.8 
20 0.9 2.5 
25 0.8 2.2 
 
5. Conclusions  
An experimental unit was set up for the cross-flow packed unit using water and LiBr solution. Filtration efficiency 
was used to describe the filtration effect and produce effect of the unit. In the situation of the typical air-to-liquid flow 
rate ratio, the PM5 arrestance efficiency of packed unit with water is 40%~50% while that with LiBr solution is 
a b 
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20%~30%. And the effects of air and liquid inlet parameters on filtration efficiency were experimentally investigated. 
 
Filtration efficiency with water is higher than that with LiBr solution when the experiment condition satisfies the 
typical air-handling condition. However, when splash effect of liquid can be omitted, filtration efficiency with LiBr 
solution is higher than that with water. So the spray of water is better than LiBr solution for designing a dedust 
equipment. And the splash back has a significant importance to prevent splashing especially for LiBr solution.  
 
The difference between the produce effects of water and LiBr solution agrees with the explanation based on 
viscosity of two flow medias, which shows similar tendency with the previous model. 
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